and may contribute to evolving renal disease. However, the impact of AKI-induced uremia on proinflammatory (e.g., TNF-␣, MCP-1, TGF-␤1) and anti-inflammatory (e.g., IL-10) cytokine gene expression remains unknown. This study was undertaken to gain some initial insights into this issue. CD-1 mice were subjected to left renal ischemia-reperfusion (I/R) in the absence or presence of uremia (Ϯ right ureteral transection). TNF-␣, MCP-1, TGF-␤1, and IL-10 mRNAs, cytokine protein levels, and RNA polymerase II (Pol II) recruitment to these genes were assessed. Renal cytokine mRNA levels were also contrasted with unilateral vs. bilateral renal parenchymal damage (I/R or ureteral obstruction). Potential effects of uremia on cytokine mRNAs in the absence of parenchymal renal damage [bilateral ureteral transection (BUTx)] were sought. Finally, the impact of simulated in vitro uremia (HK-2 tubular cells exposed to peritoneal dialysate from uremic vs. normal mice) on cytokine mRNA and microRNA profiles was assessed. Uremia blunted TNF-␣, MCP-1, and TGF-␤1 mRNA increases in all three in vivo parenchymal acute renal failure models. These results were paralleled by reductions in cytokine protein levels and Pol II recruitment to their respective genes. Conversely, uremia increased IL-10 mRNA, both in the presence and absence (BUTx) of parenchymal renal damage. The uremic milieu also suppressed HK-2 cell proinflammatory cytokine mRNA levels and altered the expression of least 69 microRNAs (P Ͻ 0.0001). We conclude that both proand anti-inflammatory cytokine gene expressions are influenced by uremia, with a potential predilection toward an anti-inflammatory state. Changes in gene transcription (as reflected by Pol II recruitment), and possible posttranscriptional modifications (known to be induced by microRNAs), are likely involved.
TNF-␣; MCP-1; IL-10; TGF-␤1; ischemia-reperfusion; urinary tract obstruction A PROINFLAMMATORY STATE IS a well-recognized complication of chronic renal disease and it can adversely affect clinical outcomes (5, 28, 29) . Over the past several years, it has become increasingly apparent that systemic, as well as intrarenal, inflammation can also occur with acute kidney injury (AKI)/ acute renal failure (ARF). In this regard, ischemic and toxic injury stimulates proximal tubules to increase production of proinflammatory cytokines and chemokines (e.g., TNF-␣, TGF-␤1, and MCP-1) (6, 8, 10, 23-25, 30, 38, 39) , and a recruitment of circulating inflammatory cells may also occur (1, 3, 14, 18, 19) . In addition, the acutely damaged kidney is "primed" for exaggerated cytokine and chemokine production when confronted with proinflammatory stimuli, such as Toll receptor ligands (e.g., endotoxin) (Refs. 25, [33] [34] [35] [36] . Each of these reactions has the potential to exacerbate evolving renal injury and delay recovery. Furthermore, with renal cytokine efflux into the systemic circulation, extrarenal tissue injury may result (e.g., in heart, lung, and brain), potentially contributing to multi-organ failure (9, 11, 12, 14, 19, 37) .
It is unknown whether uremia, the most notable consequence of ARF, impacts AKI-mediated cytokine and chemokine production. Specifically, we questioned whether acute uremia might modulate proinflammatory gene expression. This would seem to be an important issue to resolve if we are to understand an AKI-mediated proinflammatory state. The present study was undertaken to gain some initial insights into this issue. Toward this end, the expression of selected proinflammatory genes was assessed in acutely damaged left kidneys [ischemiareperfusion (I/R)] in the presence and absence of contralateral right renal dysfunction (ureteral transection). By keeping the extent of tissue damage constant (unilateral renal injury), but by allowing this damage to exist in the presence or absence of uremia, the impact of the latter on tissue injury-induced cytokine/chemokine gene expression could be assessed. As a complementary approach, cytokine/chemokine gene expression was compared in the mice with either unilateral or bilateral parenchymal kidney damage (either I/R or ureteral obstruction). Finally, direct proximal tubule cytokine mRNA responses to an acute "uremic milieu" were assessed in cultured, human-derived, proximal tubule (HK-2) cells. The results obtained with these highly divergent experimental approaches were remarkably similar, and thus, form the basis of this report.
METHODS

Animal Models
All animal experiments were performed in male CD-1 mice (25-35 g; Charles River Laboratories, Wilmington, MA) using protocols that were approved by the Institutional Animal Care and Use Committee. They were maintained under routine laboratory conditions with free food and water access. All procedures were conducted under deep anesthesia (40 -50 mg/kg ip pentobarbital sodium). Body temperature was maintained at 37°C with an external heating source. Four different surgical protocols were employed, as follows.
Unilateral Renal I/R Injury Ϯ the Presence of Uremia
Twelve mice were anesthetized and subjected to a midline abdominal incision. The left renal vascular pedicle was visualized and occluded with an atraumatic vascular clamp. After 30 min, the clamp was removed and reperfusion was confirmed by the loss of renal cyanosis. Half of the mice (n ϭ 6) were also subjected to right ureteral transection at its midpoint. By so doing, severe renal failure was induced without directly damaging the right renal parenchyma. In the remaining six mice, the right ureter was left intact. The abdominal cavities were then sutured in two layers and the mice were allowed to recover from anesthesia. Approximately 18 h later, the mice were reanesthetized and a blood sample was withdrawn from the inferior vena cava to assess the severity of azotemia [blood urea nitrogen (BUN) concentrations; the term "uremia" was arbitrarily used for animals that manifested a BUN of Ͼ100 mg/dl]. All left postischemic kidneys and all right kidneys that had not been subjected to ureteral transection (serving as uninjured controls) were resected and iced. The renal cortices were dissected and subjected to total protein (34) and RNA extraction (RNeasy Plus, Qiagen, Valenicia, CA). In addition, tissue aliquots were fixed in formalin for subsequent chromatin immunoprecipitation (ChIP) assay (22) . The protein samples were used to assay TNF-␣, MCP-1, TGF-␤1, and IL-10 (ELISA; R&D Systems). Their cognate mRNAs were assessed by RT-PCR, with the values being expressed as a ratio with simultaneously determined GAPDH product (33) (34) (35) (36) . ChIP assay was used to assess the binding of RNA polymerase II (Pol II) to the start exon of each of these four test genes (22) . Of note, the validity of using uninjured right kidneys as controls was confirmed by demonstrating that the values that were obtained from them were not significantly different from those values obtained in sham-operated animals.
Unilateral vs. Bilateral I/R Injury (Ϯ Presence of Uremia)
As a second approach to assessing the impact of uremia on ischemic renal injury, the above protocol was repeated in 12 mice. However, rather than using right ureteral transection to induce uremia, in this experiment six of the mice underwent 30 min of bilateral renal I/R injury. The remaining half of the mice was subjected to only left renal I/R injury. Approximately 18 h later, the mice were reanesthetized, a blood sample was obtained for BUN measurement, and then the kidneys were resected and assayed for TNF-␣, MCP-1, TGF-␤1, and IL-10 mRNAs, as noted above. (However, unlike the above unilateral ischemia Ϯ ureteral transection experiments, Pol II binding and cytokine protein levels were not assessed.)
Unilateral vs. Bilateral Ureteral Obstruction (Ϯ Uremia)
To complement the above experiments, a third model of renal injury in the presence or absence of uremia was undertaken. Twelve mice were subjected to midline abdominal incisions. Each underwent left ureteral obstruction, induced by ligation of the ureter at its midpoint. Half of the mice were also subjected to right ureteral ligation. Approximately 18 h later, the mice were reanesthetized, a blood sample was obtained for BUN assessment, and then the kidneys were resected (unilateral obstructed kidneys ϩ contralateral normal kidneys; left kidneys from mice with bilateral obstruction). The renal cortices were extracted for RNA and assayed for TNF-␣, MCP-1, TGF-␤1, and IL-10 mRNAs.
Uremic Effects on Cytokine mRNA Expression in the Absence of Direct Renal Injury
The following experiment was undertaken to assess potential direct effects of uremia on renal cytokine mRNA levels. Twelve mice were subjected to either bilateral ureteral transection (BUTx; n ϭ 6) or to sham surgery (n ϭ 6). The former induces severe uremia in the absence of direct renal injury (31) . Approximately 18 h later, a blood sample was obtained for BUN analysis, the kidneys were resected, and processed for TNF-␣, MCP-1, TGF-␤1, and IL-10 mRNAs.
Effects of Uremia on LPS-Induced Cytokine Expression
Fourteen mice were subjected to 30 min of left I/R injury. Half of the mice also underwent right ureteral transection. Approximately 18 h later, the mice were reanesthetized and injected with Escherichia coli (0111:B4) LPS (2 mg/kg body wt, administered via the tail vein). Two hours later, bilateral nephrectomies were performed and the resected renal cortices were analyzed for TNF-␣, TGF-␤1, MCP-1, and IL-10 mRNAs. The results for the unilateral ischemic kidneys were contrasted to those obtained in the contralateral uninjured control kidneys, and to the left kidneys obtained from the mice that had been subjected to left I/R injury ϩ right ureteral transection.
Uremia Effects on Cultured HK-2 Cell Cytokine mRNA Expression
Peritoneal dialysis with cell culture medium, as performed on uremic and control mice. Ten mice were subjected to bilateral ureteral obstruction (BUO) to induce severe uremia. Twenty-four hours later, the mice were anesthetized and then 2 ml of keratinocyte serum free cell culture medium (K-SFM) (26) containing 5% glucose were injected into the peritoneal space. After 1 h (allowing for dialytic equilibrium with plasma), the peritoneal fluid was recovered from the abdominal cavity. The mice were then killed by aortic transection. BUN concentrations were determined on both terminal plasma samples and on the peritoneal dialysate (to confirm that dialytic equilibrium, at least as assessed by BUNs, had been achieved; BUNs ranged from 140 -150 mg/dl in both plasma and dialysate). To obtain control peritoneal dialysis fluid, 10 normal or sham-operated mice were subjected to a 1-h peritoneal dialysis, as noted above.
Effect of uremic dialysate on HK-2 cell cytokine mRNAs. HK-2 cells were maintained in K-SFM and passaged in T75 Costar flasks (26) . For experimentation, they were trypsinized and seeded into six-well Costar plates. Approximately 8 h later, the normal K-SFM culture medium was removed and replaced with either the uremic (n ϭ 4) or control dialysate (n ϭ 4). The cells were then incubated overnight, RNA was extracted, and then the samples were analyzed for human TNF-␣, MCP-1, TGF-␤1, and IL-10 mRNAs by competitive PCR (21, 22, 34 -36) . Results were expressed as a ratio to simultaneously obtained GAPDH mRNA.
Effects of uremic milieu on HK-2 cell microRNA expression. Changes in microRNA (miRNA) expression can impact mRNA stability, mRNA translation, and possibly, gene transcription (2, 4, 13, 17) . The following experiment tested the hypothesis that the uremic environment can alter miRNA profiles, and thus, potentially impact renal inflammation. Toward this end, the above HK-2 cell experiment was repeated (n of 3 with either peritoneal dialysate from control or uremic mice). After completing an overnight incubation, the cells were harvested for microRNAs, using a kit specifically designed to capture these low molecular weight species (Exiqon). The samples were frozen and sent for miRNA microarray analysis (Exiqon, Vedbaek, Denmark; mercury LNA). At the time of analysis, Exiqon was capable of probing for 1,355 separate miRNA species (see RESULTS). The microRNA data were analyzed as the ratio of the uremic/control cell signals. Statistical significance was only accepted at a P value of Ͻ0.0001 and with a ⌬ log median ratio between the samples of Ͼ0.5.
Calculations and Statistics
All values are expressed as means Ϯ 1 SE. mRNA and cytokine levels were analyzed by unpaired Student's t-test and were considered significant at a P value of Ͻ0.05. If multiple comparisons were made, the Bonferroni correction was applied.
RESULTS
Degrees of Azotemia Induced by the Unilateral vs. Bilateral Renal Injury
The degrees of azotemia induced by the employed experimental protocols are presented in Fig. 1 . BUN concentrations in normal mice were 25 Ϯ 1 mg/dl. As expected, unilateral I/R and unilateral ureteral obstruction (UUO) each induced only small BUN elevations (ϳ30 -35 mg/dl). However, when bilateral renal dysfunction was induced by 1) unilateral I/R ϩ unilateral ureteral transection (UTx), 2) bilateral I/R (Bil I/R), In each case, unilateral renal injury evoked marked increases in TGF-␤1 mRNA levels. When bilateral renal dysfunction (and hence, uremia) was induced, these increases were markedly attenuated. 3) BUO, or 4) BUTx, severe azotemia/uremia resulted (BUN range of 150 -176 mg/dl).
TNF-␣ mRNA Levels: Effects of Unilateral vs. Bilateral Renal Dysfunction
Both left unilateral I/R and left UUO caused an approximate four-to fivefold increase in TNF-␣ mRNA levels, compared with uninjured control (C) kidneys (Fig. 2) . When severe uremia was induced by 1) unilateral I/R ϩ contralateral UTx, 2) Bil I/R, or 3) BUO, the left kidney TNF-␣ mRNA increases were reduced by ϳ75%.
MCP-1 mRNA Levels: Effects of Unilateral vs. Bilateral Renal Dysfunction
As shown in Fig. 3 , unilateral I/R and UUO each evoked massive increases in MCP-1 mRNA. When bilateral renal dysfunction was induced, as denoted above, the extent of these MCP-1 mRNA increases was markedly suppressed (e.g., by 80% with bilateral vs. UUO).
TGF-␤1 mRNA Levels: Effects of Unilateral vs. Bilateral Renal Dysfunction
The pattern for TGF-␤1 mRNA expression paralleled those described above for TNF-␣ and MCP-1, as follows: 1) both unilateral I/R and UUO significantly elevated TGF-␤1 mRNA levels and 2) the extent of these increases was significantly attenuated when contralateral kidney injury was induced (Fig. 4) .
IL-10 mRNA Levels: Effects of Unilateral vs. Bilateral Renal Dysfunction
The mRNA for the anti-inflammatory cytokine IL-10 manifested the opposite response to those noted above: 1) neither Fig. 7 . RNA polymerase II (Pol II) binding at the start exons of the TNF-␣, MCP-1, TGF-␤1, and IL-10 genes. Uni I/R caused a significant increase in RNA Pol II binding to exon 1 of the TNF-␣, MCP-1, and TGF-␤1 genes. These increases were significantly blunted by the presence of contralateral UTx (which produced uremia), such that the mRNA levels no longer significantly differed from control values. In contrast, I/R injury caused no change in Pol II binding to the IL-10 gene, either in the presence or absence of uremia (I/R ϩ UTx). Results are present as ng per mg chromatin protein applied in the assay. left I/R nor left ureteral obstruction significantly increased IL-10 mRNA levels and 2) when bilateral renal injury was induced, dramatic IL-10 mRNA increases (not decreases) in the left kidney values resulted (Fig. 5) .
Uremia Renal Cytokine Profiles in the Absence of Parenchymal Renal Injury
BUTx induced severe azotemia (BUN ϳ150 mg/dl, as shown in Fig. 1 ). However, it did not independently alter renal cortical TNF-␣, MCP-1, or TGF-␤1 mRNA levels. Conversely, the uremic environment induced a massive increase in renal cortical IL-10 mRNA levels (Fig. 6 ).
Pol II Expression at Target Genes
As shown in (Fig. 7) , unilateral renal I/R significantly increased Pol II levels at exon 1 of the TNF-␣, MCP-1, and TGF-␤1 genes (vs. control kidney values). These I/R-induced increases in Pol II binding were almost completely abrogated by contralateral UTx. Thus, the Pol II changes paralleled those observed in their cognate mRNA levels (suggesting that the mRNA increases reflected increased gene transcription). In contrast, I/R either without or with contralateral UTx had no effect on Pol II binding at exon 1 of the IL-10 gene.
Effects of Uremia on LPS-Induced Cytokine Expression
The presence of unilateral I/R greatly enhanced LPS-stimulated TNF-␣, MCP-1, TGF-␤1, and IL-10 mRNA increases, compared with those observed in LPS-stimulated control kidneys (Fig. 8) . This is consistent with previous published data from this laboratory which indicate that renal injury can exacerbate LPS-mediated cytokine/chemokine responses (34 -36) . However, when unilateral I/R coexisted with severe azotemia (contralateral UTx), the unilateral I/R kidney had markedly blunted LPS-driven TNF-␣, MCP-1, and TGF-␤1 mRNA responses (NS vs. values seen in LPS-stimulated control kidneys). The opposite situation existed for IL-10 mRNA expression: the degree of LPS-mediated IL-10 mRNA increases in the postischemic kidney was enhanced by ϳ15-fold by the presence of contralateral UTx.
HK-2 Cell mRNA and microRNA Assessments
Effect of uremic dialysate on cytokine mRNA levels. TNF-␣, MCP-1, and TGF-␤1 mRNAs were all readily detectable in HK-2 cells exposed to peritoneal dialysate from control mice. As shown in Fig. 9 , uremic peritoneal dialysate significantly reduced the levels of each of these mRNAs. This was particularly noteworthy in the case of TNF-␣ mRNA, where ϳ75% reductions were observed. In contrast, IL-10 mRNA levels could not reliably be detected either in the presence or absence of either dialysate. This was despite using four different sets of Fig. 9 . HK-2 mRNA levels after exposure to control and uremic dialysates. TNF-␣, MCP-1, and TGF-␤1 mRNAs were each readily detected in HK-2 cells using human PCR primers, and each was relatively suppressed when the cells were maintained in uremic vs. control dialysate. In contrast, IL-10 mRNA could not be detected under either control or uremic conditions. Fig. 8 . Effects of uni I/R Ϯ contralateral UTx on cytokine mRNA responses to LPS injection. Mice were subjected to uni I/R Ϯ contralateral UTx. The following day, they were challenged with LPS injection and kidneys were harvested 2 h thereafter. The postischemic kidneys manifested greatly accentuated TNF-␣, MCP-1, TGF-␤1, and IL-10 mRNA increases, compared with control kidneys. These preferential TNF-␣, MCP-1, and TGF-␤1 mRNA responses to LPS were almost completely abrogated by the presence of uremia (uni I/R ϩ contralateral UTx). Conversely, the extent of the LPSinduced IL-10 increases was greatly exaggerated by the presence of uremia.
primers designed to identify IL-10 message and detection of a known IL-10 mRNA standard.
Effect of uremic dialysate on microRNA expression. Out of the 1,355 miRNAs which were screened by Exiqon array, 69 were identified that met the selection criterion of P Ͻ 0.0001 and an LNR of Ͼ0.5 (Fig. 10) . Of these 69, 21 were miRNAs whose identification remained unknown (miRNA Ϫ "Plus"; Exiqon). The 48 known miRNAs that were identified and that were differentially expressed in uremic vs. control dialysatetreated cells are presented in Table 1 . Of these 48, 15 were overexpressed (up to 14-fold increases), and 33 were underexpressed (up to 5-fold decreases). By searching with miRBase Sequence Database, a large number of potential mRNA targets for these miRNAs were identified that can potentially impact cell injury and inflammation. One representative putative target for each of these miRNAs is presented in Table 1 .
Cytokine (Protein) Levels
Given that miRNA changes alter mRNA translation, the impact of uremia on the four test cytokines was assessed using the unilateral I/R Ϯ contralateral UTx model. Unilateral I/R induced significant increases in TNF-␣, MCP-1, and TGF-␤1 protein levels, compared with the values observed in the control kidneys (P Ͻ 0.025-Ͻ0.001). When these cytokines were measured in kidneys obtained from mice with unilateral Fig. 10 . HK-2 cell microRNA (miRNA) array. The figure demonstrates the distribution patterns of 69 miRNAs that were statistically different (P Ͻ 0.0001) between the cells maintained under control (1C, 2C, 3C) vs. the uremic (U1, U2, U3) dialysate conditions. The moieties labeled as "Plus" represent currently unidentified miRNAs. The known miRNAs, and their fold differences (uremic/control), between the 2 groups of cells are presented in Table 1 . The clustering patterns of miRNAs are presented by the line graph "trees."
I/R ϩ contralateral UTx, their concentrations no longer differed from control values. Thus, the presence of uremia appeared to suppress I/R-induced TNF-␣, MCP-1, and TGF-␤1 levels, thereby paralleling the corresponding reductions in their mRNA levels and Pol II binding. Conversely, IL-10 protein levels were slightly reduced by I/R, and this change was magnified in the presence of uremia (Fig. 11, right) . This was despite the fact that I/R ϩ UTx markedly increased renal cortical IL-10 mRNA levels (Fig. 5) , suggesting a block in IL-10 mRNA translation.
DISCUSSION
In 1954, Koletsky (15) demonstrated that uninephrectomy enhances recovery from postischemic renal injury, imposed on the contralateral kidney. A generation later, Finn (7) further explored this phenomenon using renal hemodynamic and micropuncture techniques. They found that an initial reduction in functional renal mass (uninephrectomy) enhanced blood flow to the contralateral postischemic kidney. This hemodynamic change led to the "recruitment" of otherwise "nonfunctional" nephrons, thereby helping to maintain postischemic glomerular filtration rate. In 1994, we undertook additional experiments to further explore this phenomenon (32) . Our goal was to determine whether an initial reduction in renal mass might evoke adaptive changes within residual nephrons and directly protect them from superimposed ischemic damage. Toward this end, rats were subjected to one and a half nephrectomy. The following day, proximal tubules were harvested from the remaining renal tissue, and their susceptibility to in vitro hypoxic injury was assessed. Indeed, the initial reduction in functional renal mass, and/or the resulting azotemia, conferred cytoprotective effects (32) . Recent observations from our laboratory further support the view. When uremia was induced in mice by BUTx, proximal tubules harvested from these mice manifested in vitro protection against hypoxic cell death (31). Thus, in composite, the above described studies indicated that reduced functional renal mass and/or uremia can confer protection against superimposed renal damage. However, the subcellular pathways through which this protection is operative have not been well-defined.
Because of the emerging recognition of inflammation as a secondary determinant of diverse forms of AKI, we hypothesized that this inflammatory response might be blunted by a uremic milieu. If so, this could potentially contribute to the above described phenomena. Hence, the present study sought some experimental support for this hypothesis. By inducing unilateral ischemic renal injury in the presence or absence of contralateral UTx, the impact of uremia on inflammatory gene expression in the postischemic kidney could be assessed. The results obtained using this injury model support this hypothesis, and the major findings can be summarized as follows: first, uremia suppressed TNF-␣ mRNA, TGF-␤1 mRNA, and MCP-1 mRNA in postischemic kidneys; second, reduced gene transcription likely contributed to this result, given that Pol II, the key enzyme that drives gene transcription (16, 20) , was reduced at the start exon of each of these three genes; third, corresponding reductions in TNF-␣, TGF-␤1, and MCP-1 proinflammatory/profibrotic cytokines were observed; and fourth, in striking contrast to these findings, the mRNA for the anti-inflammatory cytokine IL-10 was markedly increased by the presence of uremia without a corresponding change in IL-10 cytokine levels or Pol II binding. Potential reasons for the different directional changes in IL-10 mRNA vs. TNF-␣/ TGF-␤1/MCP-1 mRNAs will be speculated upon later in this DISCUSSION. A limitation of the above described unilateral I/R Ϯ contralateral UTx model is that it lacks direct clinical relevance. Hence, we wished to determine whether comparable findings might be observed in the setting of bilateral parenchymal renal disease. Hence, mRNA assessments were contrasted between left postischemic kidneys in mice with absent or present right kidney ischemic damage. This protocol produced the same mRNA profiles that were noted above, i.e., uremia (Bil I/R) reduced TNF-␣, TGF-␤1, and MCP-1 mRNA levels, and increased IL-10 mRNA levels, compared with unilateral I/R injury. To further explore the impact of uremia on kidney injury-induced cytokine expression, a second clinically relevant AKI model was explored: unilateral vs. BUO. The results obtained with this model recapitulated those noted above: uremia suppressed TNF-␣, TGF-␤1, and MCP-1 mRNAs and increased IL-10 mRNA levels. Thus, all three of these in vivo models indicated that uremia can, indeed, impact cytokine gene expression in an acutely damaged kidney.
These findings next led us to assess whether uremia, per se, might directly impact cytokine mRNA levels, i.e., independent of any structural renal damage. To make this assessment, cytokine mRNA levels were measured in kidneys obtained from mice ϳ18 h after BUTx (which induces no histologic renal injury) (31) and compared with levels observed in kidneys from sham-operated controls. No differences in TNF-␣, TGF-␤1, or MCP-1 mRNAs were observed. However, a marked stimulation of IL-10 mRNA resulted. As discussed above, in each of our three experimental AKI models, discordant directional changes were noted between TNF-␣, TGF-␤1, MCP-1 mRNAs vs. IL-10 mRNA (uremia-induced suppressions vs. stimulation, respectively). Thus, the results obtained with the BUTx model imply the following: 1) that the above noted uremia-induced suppressions of TNF-␣/TGF-␤1/MCP-1 mRNAs appear to be dependent on the presence of concomitant cellular injury (since BUTx did not affect these cytokine mRNAs) and 2) the uremia-induced increase in IL-10 mRNA likely reflects an injury-independent change that is directly evoked by a uremic milieu. In data not presented, we observed that BUTx also selectively increases IL-10 mRNA levels within the spleen. Hence, the presently documented uremic effect on renal IL-10 mRNA levels may reflect a systemic, rather than a renal specific, event.
In recent years, this laboratory documented that both unilateral renal ischemic injury (21, 34) and UO (35) sensitize the involved kidney to LPS-mediated cytokine and cytokine mRNA generation. Given the current findings that uremia can suppress proinflammatory cytokine expression, we questioned whether it might also modify this LPS hyperresponsive state. To gain insights into this issue, mice with unilateral I/R were challenged with LPS in the presence or absence of uremia (Ϯ contralateral UTx). Mice with unilateral ischemia manifested the expected exaggerated increases in LPS-stimulated TNF-␣, MCP-1, TGF-␤1, and IL-10 mRNAs, as previously noted (21, 34) . However, when mice with unilateral ischemic injury ϩ contralateral UTx were challenged with LPS, only trivial TNF-␣, MCP-1, and TGF-␤1 mRNA increases were observed. Conversely, the presence of uremia enhanced, by fivefold, the LPS-mediated IL-10 mRNA response. Thus, the uremia-induced effect on cytokine gene expression appears to extend to a Toll ligand receptor/LPS-stimulated state.
It remains unknown as to what cell type(s) within renal cortex expressed the above noted uremia-induced changes in cytokine gene expression. Because the proximal tubule is the prime site of ischemic renal damage, we sought to determine whether uremia impacts cytokine gene expression in this nephron segment. Toward this end, experiments were undertaken in cultured HK-2 cells. The most direct approach for exploring the impact of a uremic milieu on HK-2 cytokine gene expression would have been to culture the HK-2 cells in serum obtained from normal vs. uremic mice. However, a technical issue precluded this approach: use of plasma would have required mixing it with cell culture medium, thereby substantially diluting out (e.g., 1:4) uremic compounds, and hence, reducing their potential biologic effects. To obviate this problem, we used cell culture medium as peritoneal dialysate in control and uremic mice. Within 1 h, dialytic equilibrium with plasma was achieved, at least as assessed by equal urea concentrations in plasma and dialysate. By recovering these dialysates, sufficient quantities of "conditioned" culture media were obtained to permit their being added undiluted to HK-2 cells. Compared with control dialysate, the uremic dialysate suppressed TNF-␣ mRNA by ϳ75%, with lesser, albeit statistically significant, reductions in TGF-␤1 mRNA and MCP-1 mRNA being observed. Hence, these cell culture results further Fig. 11 . Renal cortical TNF-␣, MCP-1, TGF-␤1, and IL-10 cytokine levels. TNF-␣, MCP-1, and TGF-␤1 cytokine protein levels were each elevated in postischemic kidneys. These elevations were reduced in the presence of contralateral UTx (i.e., uremia). Conversely, IL-10 levels were suppressed by I/R, particularly in the presence of uremia.
suggest that uremia can, indeed, alter cytokine gene expression, in general, and specifically within proximal tubule cells. In contrast, we were not able to document IL-10 mRNA in these HK-2 cell experiments either under control or uremic conditions. This was despite testing four different sets of IL-10 primers, and despite the fact that IL-10 mRNA standards were readily detected. Thus, it may be that proximal tubules express very low levels of IL-10 mRNA and that its ready detection in whole renal cortex may have reflected events in nonproximal tubular cortical cells (e.g., within glomeruli, or infiltrating inflammatory cells).
Over the past 10 years, it has become increasingly apparent that mRNA levels, and subsequent mRNA translation into protein, can be impacted by the generation of miRNAs (2, 13, 17) . These are single-strand short (21-23 nucleotides) RNAs that are encoded by the genome, but are not translated into protein (i.e., noncoding RNAs). Each primary transcript (primiRNA) is processed into a pre-miRNA and ultimately into a functionally significant miRNA by Dicer enzyme. Most miRNAs are partially complementary to multiple mRNAs, and it is via this interaction that they impact mRNA expression, either by enhancing mRNA destruction or via induction of a translation block (2, 13, 17) . They may also induce DNA methylation, thereby altering gene transcription (27) . In the current experiments, we were struck by the fact that the observed IL-10 mRNA increases were accompanied by reductions in IL-10 protein levels, implying a translation block. Hence, we questioned whether the uremic milieu might impact proximal tubule miRNA profiles. Of note, this is a question which, to our knowledge, has never been previously addressed. As an initial test of this hypothesis, Exiqon performed miRNA array analysis on HK-2 cells that were exposed to control vs. uremic dialysate. Dramatic differences were observed, affecting at least 69 miRNAs, 48 of which have previously been described. Within these 48, both up-and downregulation were observed (n ϭ 15 and 33, respectively). Obviously, it is impossible to conclude that these marked alterations in miRNA profiles actually contributed to the observed cytokine changes. However, the results do indicate, for the first time, that the uremic environment can directly impact miRNA expression, and possibly, mRNA translation as well as gene transcription. This new insight could potentially have broad ranging implications for the pathogenesis of both acute as well as chronic renal failure.
In conclusion, the results of the present study indicate that the presence of uremia can alter cytokine gene expression following acute renal injury. The balance of the changes observed, i.e., a decrease in proinflammatory/profibrotic cytokines and a potential increase in anti-inflammatory IL-10 gene expression, suggests a predilection toward an anti-inflammatory state. These findings are particularly noteworthy given that uremia is generally viewed as systemic proinflammatory state (5, 8, 19, 28, 29) . The results observed in whole renal cortex likely reflect, at least in part, proximal tubular events, based on observations that experimental uremia can suppress TNF-␣, MCP-1, and TGF-␤1 gene expression in cultured proximal tubule cells. Both altered gene transcription, as reflected by changes in Pol II binding, and potential alterations in mRNA translation, as can be induced by altered miRNA profiles, may be involved. The functional impact of these changes on renal disease progression remains to be defined.
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